The ultrastructure of feline mammary hypertrophy was studied in a five-monthold female which had aborted recently, a ten-year-old female which was one month postestrus, and a four-year-old progestin-treated neutered male. Morphologic comparisons were made to normal mammary tissue from a one-year-old female cat. Hypertrophied mammary tissue had the same cell types and spatial relationships as did the normal gland. Major differences included a more highly developed duct system composed of metabolically active cells which often were arranged in multiple cell layers, and periductular stroma with increased fibroblasts and vascularization. Hypertrophied epithelial cells were characterized generally by smoothcontoured nuclear membranes, more evenly dispersed heterochromatin, prominent nucleoli, increased polyribosomes, and elongated mitochondria. Secretory activity was developed significantly only in the cat that had aborted recently. Modifications in myoepithelial cells included: more evenly dispersed nuclear heterochromatin, thicker bundles of cytoplasmic filaments, more straight plasma membranes along the basal lamina, and elongated hemidesmosomes. Multilayering of the basal lamina was accentuated. Stromal fibroblasts had nuclear heterochromatin distributed similarly to that of epithelial and myoepithelial cells, and increased rough endoplasmic reticulum. Myoepithelial cells did not contribute to the increased stromal cellularity. No significant ultrastructural differences were noted between mammary hypertrophy in young, old, and progestin-treated cats.
Mammary hypertrophy in the cat is represented by rapid but seemingly orderly expansion of proliferating duct epithelium and stroma. One or more glands may be involved. Although the light microscopic characteristics are distinctive [ 11, these lesions have a range of histologic appearances relative to the proportion of epithelium to stroma. The stroma either is loose and disorganized or compact and collagenous, and commonly comprises more than 50% of the total mass. Among domesticated species, this lesion is unique to the cat. Interestingly, mammary tumors with similar morphologic features, i.e., fibroadenoma, commonly occur in rats [ 171 and women trophy is likely a progesterone-induced or responsive disorder [ 1,4, 61. Furthermore, we found progesterone receptors (but no estrogen receptors) in hypertrophied feline mammary tissues, and cats which are given therapeutic doses of synthetic progestins probably are at greater risk.
Since feline mammary hypertrophy only recently has received limited ultrastructural study [6] , we expanded our study to include ultrastructural evaluation of hypertrophied mammary tissues from three cats. As a basis for comparison, we also studied the ultrastructure of mammary tissue from a normal cat to gain further insight into the pathogenesis of this condition in cats.
Materials and Methods
Three cats with mammary hypertrophy and one normal cat were studied. Affected cats included a five-month-old female with all mammary glands enlarged and from which a biopsy was taken during mammary regression ten days after abortion of two tiny fetuses; a ten-yearold female which had been in estrus one month prior to the enlargement of one gland; and a four-year-old neutered male which had been given an injection of the progestin medroxyprogesterone acetate, four months before enlargement of one gland. For comparison, tissue from a normal non-pregnant, primiparous one-year-old female cat also was studied.
Small pieces of mammary tissue obtained by biopsy or surgery were put immediately into freshly prepared and chilled 3% to 4% glutaraldehyde in 0.1 M phosphate buffer (pH 7.2-7.4).
Tissues were cut into I-mm or smaller cubes with a razor blade and fixed in fresh glutaraldehyde for a minimum of two hours. After two five-minute rinses in 0.1 M phosphate buffer, the tissues were post-fixed for one hour in 1% osmium tetroxide in 0.1 M phosphate buffer. Tissues were rinsed and dehydrated in a graded series of acetone followed by infiltration with Epon-Araldite plastic resin (Polyscience, Inc., Warrington, PA). Specimens were polymerized at 68°C for 36 hours. Semi-thin, 1-pm sections stained with a mixture of equal parts of methylene blue and azure I1 were examined by light microscopy to provide orientation and to assess the sampling procedure. Ultra-thin sections were cut, mounted on copper grids, stained with 2% uranyl acetate and Reynold's lead citrate, and examined with an electron microscope.
Results

Ultrastructure of normal feline mammary gland
Normal mammary gland consisted primarily of collagen with scattered ducts and ductules adjacent to compact nests of epithelial cells. Two basic types of epithelial cells were encountered: epithelial cells that lined the lumen, and electron-dense contractile myoepithelial cells that formed a discontinuous layer around the epithelial cells ( fig. 1 ).
Epithelial cells were cuboidal to columnar and one or two cell layers thick. The long axes of these cells were perpendicular to the basal lamina ( fig. 2 ). Many uniform microvilli projected from the inner plasma membrane into empty lumina. Lateral cell membranes either were straight or interdigitated slightly with many unevenly spaced desmosomes, and tight junctions near the luminal surface. Abluminal cell membranes usually rested on myoepithelial cells or approximated the basal lamina between gaps in the cytoplasmic processes of myoepithelial cells. Although desmosomes joined epithelial cells to myoepithelial cells, no cell junctions were observed when epithelial cells apposed the basal lamina. Typical epithelial cell nuclei were shaped irregularly, often deeply convoluted or segmented, with fine, evenly dispersed heterochromatin and a prominent nucleolus. The cytoplasm contained moderate numbers of round to short tubular mitochondria of uniform size with narrow transverse cristae, many free ribosomes, relatively abundant smooth endoplasmic reticulum with vesicles, and occasional bundles of straight or curved cytoplasmic filaments. Rough endoplasmic reticulum, glycogen granules, Golgi complex and membrane-bound osmiophilic dense bodies generally were inconspicuous.
Compared with epithelial cells, myoepithelial cells ( fig. 1,3) were distinct, electrondense cells, situated between epithelial cells and the basal lamina, and not in contact with the lumen. Myoepithelial cells often had prominent cytoplasmic processes along their abluminal surface. Most myoepithelial cells were aligned parallel with the long axes of epithelial cells. The characteristic features of myoepithelial cells were numerous 3.5 to 7.0 nm wide cytoplasmic filaments with focal dense areas or condensations, and cell membranes capped by hemidesmosomes along the basal lamina ( fig. 3 ). Aggregates of cytoplasmic filaments converged in a fan-like manner on some hemidesmosomes. Some filaments appeared to anchor hemidesmosomes to the basal lamina at points of increased density. Plasma membranes opposite the basal lamina had frequent pinocytotic vesicles. Myoepithelial cell nuclei were irregular in size and shape and contained heterochromatin which was more dense and more heavily marginated than in epithelial cells. Except for filaments, cytoplasmic organelles generally were scarce. Mitochondria were smaller than those in epithelial cells and scattered throughout the cell or were grouped with other organelles in a juxta-nuclear position. Cell membranes between myoepithelial cells and between myoepithelial and epithelial cells were straight or interdigitated and attached by desmosomes.
The basal lamina formed a continuous band of moderately electron-dense material, 35 to 80 nm wide, along the outer contour of myoepithelial cells and abluminal membranes of epithelial cells when so apposed. Some looping of the basement membrane was seen. An electron-lucent zone, the lamina lucida, separated the basal lamina from plasma membranes of adjacent epithelial or myoepithelial cells. Bundles of collagen, scant elastic fibers and fibroblasts with tenuous cytoplasmic processes encircled the ductules peripheral to the basal lamina. Fibroblasts had dispersed evenly to clumped nuclear heterochromatin, a few small mitochondria, relatively scant rough endoplasmic reticulum (some dilated cisternae), and variable numbers of pinocytotic vesicles. The periductular stroma contained abundant dense collagen ( fig. 4) , scattered fibroblasts and capillaries or post-capillary venules lined by nonfenestrated endothelium and pericytes.
Ultrastructure of feline mammary hypertrophy
Hypertrophied mammary tissues had the same types of cells and spatial relationships as did the normal cat mammary gland. Major differences included a more highly developed duct system composed of numerous metabolically active epithelial cells often arranged in multiple-cell layers, and a stromal compartment with increased vascularization. Interstitially, fibroblasts were set in a loose or compact collagenous network.
Ductular epithelial cells were increased both in size and number. They were characterized by predominately smooth contoured nuclear membranes, prominent nucleoli, many polyribosomes, and elongated mitochondria ( fig. 5 ). Proportionally more plasma membrane was in apposition to the basal lamina. Other cytoplasmic organelles (i.e., Golgi complex and rough endoplasmic reticulum) generally were more prominent than in normal mammary gland. Greater numbers of mitotic figures and increased yet variable secretory activity was apparent. The apical cytoplasm of epithelial cells with abundant secretory activity had numerous laminated secretory granules ( fig. 6 ) and large, lipid-containing vacuoles which sometimes indented the nucleus. Secretory activity was most developed in the five-month-old female cat which had aborted, and least developed in the progestin-treated neutered male cat. In the former cat, dilated cisternae of rough endoplasmic reticulum commonly dominated the abluminal cytoplasm of epithelial cells. These organelles contained uniform granular secretory material of moderate electron density. In general, phagolysosomes were not common. The lateral plasma membranes of epithelial cells usually were straight and desmosomes appeared less often. Occasional epithelial cells which were more electron-dense (dark cells) than adjacent epithelial cells were found in close apposition to either the lumen or the basal lamina. In these cells, heterochromatin was clumped centrally as well as at the periphery of the nucleus and numerous free polyribosomes filled the cytoplasm.
Modifications in myoepithelial cells included distribution of nuclear heterochromatin similar to that of epithelial cells (i.e., fine even pattern), evidence of mitosis, straight plasma membranes along the basal lamina, and hemidesmosomes that apparently were decreased in number and more elongated. Some myoepithelial cells had thicker (up to 158 nm) and more prominent bundles of cytoplasmic filaments than did normal myoepithelial cells ( fig. 7) . As compared to normal tissue, most myoepithelial cells were aligned with their long axes perpendicular to that of epithelial cells. Myoepithelial cells appeared to have more extensive serpentine cytoplasmic extensions than myoepithelial cells in normal mammary gland. Prominent looping and multilayering of the basal lamina sometimes was evident, especially within stromal invaginations between cytoplasmic processes of epithelial and myoepithelial cells ( fig. 8 ).
In the intralobular stroma, capillaries appeared more numerous and in closer proximity to the ducts. In two of the three cats, fibroblasts were numerous and bundles of collagen were dispersed widely in a granular, ground substance ( fig. 9 ).
Fibroblasts had fine evenly dispersed nuclear heterochromatin, abundant rough endoplasmic reticulum, prominent glycogen aggregates, and increased numbers of mitochondria and polyribosomes.
Discussion
Response of the cat mammary gland to changes in the hormonal milieu has received little attention although morphologic changes are known to occur in the mammary gland of other species with onset of pregnancy and lactation [12, 13, 161 . The ultrastructure of mammary gland tissue from a normal cat was consistent with that of other species such as the rat [2] , dog [lo] , and human being [14-161. Glandular parenchyma consisted of epithelial cells and contractile myoepithelial cells separated from the stroma of collagen, fibroblasts, and blood vessels by a basal lamina. Epithelial cells had convoluted or indented nuclei, moderate numbers of cytoplasmic organelles, and microvilli on the luminal surface. No nuclear inclusions, such as those found in normal human mammary epithelial cells, were seen [ 151. Myoepithelial cells situated at the periphery of the ducts typically had hemidesmosomes, cytoplasmic filaments with focal densities and pinocytotic vesicles along the plasma membrane. A continuous basal lamina ran along the abluminal surface of myoepithelial cells and secretory cells when occasionally so apposed. In some areas, the basal lamina was gently looped and multilayered. Bundles of collagen and fibroblasts with tenuous cytoplasmic processes encircled the ductules.
Our ultrastructural study showed that hypertrophied cat mammary tissues had the same types of cells and spatial relationships as normal cat mammary gland. Based on light microscopy, it was not surprising to find increased mitotic activity in epithelial cells, myoepithelial cells, and fibroblasts. Epithelial cells were increased both in size and number; secretory activity was remarkable only in the cat which had aborted. Cells with increased electron density (dark cells) were seen in approximation to the lumen or in apposition to the basal lamina. Cells with similar staining characteristics also occur in the human breast [9, 151 . Dark cells with numerous polyribosomes, but few other organelles, may be epithelial cells in a different metabolic state, reserve cells, or perhaps a cell type intermediate between epithelial and myoepithelial cells. Myoepithelial cells appeared less prominent as the abluminal plasma membranes of more epithelial cells were in apposition to the basal lamina. Myoepithelial cells often had long, discontinuous cytoplasmic processes that ran parallel to the basal lamina, less distinct and elongated hemidesmosomes, and prominent bundles of cytoplasmic filaments. There was accentuated looping and multilayering of the basal lamina similar to that seen in women with mammary fibroadenoma [5] and in normal human breast tissue [15] . The significance of this finding in the cat is unclear. Stromal changes included increased capillary prominence and in two of the three cats, bundles of collagen fibrils and fibroblasts were dispersed in a granular ground substance. We also found no evidence to suggest that myoepithelial cells contribute to the increased cellularity of the stromal compartment as has been observed, for instance, in canine mixed mammary tumors [l 11. The results of our study agree with those of another study where the mammary glands of two progestin-treated cats with mammary hypertrophy were evaluated [6] .
The concept of an "epithelial stromal junction" has been used to describe and interpret ultrastructural abnormalities in dysplastic and neoplastic human mammary glands [9] . In this fashion, ducts and ductules are enclosed by a well-delimited and continuous structural complex composed of the plasma membranes of epithelial and myoepithelial cells, basal lamina, subepithelial connective tissue, and a peripheral layer of fibroblasts with tenuous cytoplasmic processes (termed "delimiting fibroblasts") [8] . This complex is definable readily in the normal and hypertrophed cat mammary gland. In human mammary dysplasia, the "epithelial stromal junction" undergoes numerous alterations that generally are not specific for any one disease [a] . Changes described in human mammary dysplasia that also were found in hypertrophied cat mammary tissue include: straightening of the plasma membranes of epithelial cells, flattening of myoepithelial cell hemidesmosomes, and increased multilayering of the basal lamina. An apparent decreased prominence of myoepithelial cells and appearance of numerous osmiophilic secretory granules (in the cat that aborted) are changes compatible with the later stages of pregnancy [13, 161.
Hypertrophied mammary tissues from the neutered progestin-treated male cat and the ten-year-old female cat were remarkably similar ultrastructurally, except in the male where there were minimal secretory granules. Mammary ultrastructure in the five-month-old female cat which had aborted was more diversified than in the other two cats since secretory activity was more prominent, and some of the epithelial cells retained characteristics of cells in the normal feline mammary gland. In this instance, mammary tissue probably was in a state of regression since the biopsy was taken ten days after abortion and during decrease in size of the glands.
With light microscopy, it was not possible to distinguish hypertrophied mammary lesions in young and old cats from lesions in cats given progestin, even when tissues from 26 cats were studied carefully [3] . The present ultrastructural study also showed no remarkable morphologic differences between hypertrophied mammary tissues in young, old, and progestin-treated cats. The striking morphologic similarities observed in these three cases of feline mammary hypertrophy with dissimilar clinical histories, together with other clinical and hormonal studies, support the concept that this condition results from either endogenous and exogenous progesterone stimulation.
